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Focal glomeruloscierosis in patients with unilateral nephrectomy. To
investigate whether proteinuria and focal glomeruloscierosis (FSG)
might develop in humans as well as in experimental models following a
reduction in renal mass, we performed a retrospective study of 24
patients previously nephrectomized for unilateral renal disease. None
of the patients presented signs of systemic diseases, Alport syndrome,
essential hypertension, reflux nephropathy, and other abnormalities on
intravenous pyelography. At the time of the first observation seven
patients had pathological proteinuria (group 1) while 17 presented a
normal protein excretion (group 2). All patients in group 1 and only 4 of
17 in group 2 were male. No other significant differences were found
between the two groups. The median age at nephrectomy of the
proteinuric patients was 22.3 years, and proteinuria developed after a
mean period of 12.2 years. A renal biopsy was performed in four
patients and showed a constant pattern of FSG. After a mean follow-up
period of 7.3 years from the onset, proteinuria remains unchanged and
renal function is well preserved in all the patients. In conclusion our
series suggests that also in humans proteinuria and FSG might appear in
solitary kidneys due to nephrectomy. This glomerular damage may
result from the association of glomerular overload with other unidenti-
fied factors.
Glomérulosclérose focale chez des malades avec une nephrectomie
unilatérale. Afin de rechercher si une proteinurie et une gloméruloscler-
ose focales (FSG) peuvent se developper chez les humaines et dans des
modèles expérimentaux après une reduction de Ia masse rénale, nous
avons effectuC une étude retrospective de 24 malades néphrectomisés
auparavant pour une maladie rénale unilatCrale. Aucun de ces malades
n'avait de signe de maladie systémique, de syndrome d'Alport, d'hy-
pertension essentielle, de néphropathie de reflux ou d'autre anomalie a
l'urographie intraveineuse. Au moment de Ia premiere observation,
sept malades avaient une protéinurie pathologique (groupe I) tandis que
17 avaient une excretion protéique normale (groupe 2). Tous les
malades du groupe I, et seulement 4 de 17 du groupe 2 étaient des
hommes. Aucune autre difference significative n'a été trouvée entre les
deux groupes. La médiane de l'age au moment de Ia néphrectomie des
malades proteinuriques était de 22,3 ans et Ia protéinurie se developpait
apres une période moyenne de 12,2 ans. Une biopsie rénale a été
effectuCe chez quatre malades et a montré un aspect constant de FSG.
Après un suivi moyen de 7,3 années a partir du debut, La protéinurie
reste inchange et Ia fonction rénale est bien préservée chez tous les
malades. En conclusion, nos series suggèrent que chez les humaines
egalement une protéinurie et une FSG peuvent apparaitre dans des reins
solitaires après néphrectomie. Cette lesion glomerulaire pourrait ré-
sulter de l'association d'une surcharge glomerulaire avec d'autres
facteurs non identifies.
Many experimental and clinical observations seem to demon-
strate that several nonimmunologic mechanisms of glomerular
injury are responsible for the progression of primary glomerular
diseases and other nephropathies in humans [1].
Severe reduction of renal mass in the rat leads to proteinuria,
hypertension, and progressive renal disease [2]. Structural
changes in the remnant glomeruli progress to an ultimate
glomerular sclerosis remarkably similar to that seen in human
focal sclerosis [31. Reduction in functional renal mass, whether
the result of disease or surgical excision, generally leads to an
adaptive increase in the rate of glomerular ultrafiltration in
surviving nephrons RI. It has been demonstrated that unineph-
rectomy in rats increases RBF and GFR in the remnant kidney
[5]. Studies of Hostetter et al [6] are consistent with the
possibility that single nephron hyperfiltration might in itself be
the cause of the altered glomerular morphology. A glomerular
lesion, which is morphologically indistinguishable from focal
and segmental glomerular sclerosis seen in other circum-
stances, has been observed in some patients with refiux
nephropathy and has been claimed to be a factor in the
progression to endstage renal disease of these patients [7, 8].
Finally, focal glomerular sclerosis has recently been reported in
patients with unilateral renal agenesis [9]. According to Bren-
ner, Meyer, and Hostetter [10], the latter implies that progres-
sive glomerulopathy may be initiated by the loss of only one
kidney.
To evaluate the possibility that focal and segmental sclerosis
might develop in patients with uninephrectomy, we reviewed all
adult patients accepted in our Division who had been previously
nephrectomized. We report here the clinical and pathologic
findings in seven patients with proteinuria that appeared several
years after nephrectomy.
Methods
Patients. Between January 1, 1974, and June 30, 1980, 46
patients who had been previously nephrectomized for unilateral
renal disease were admitted to the Division of Nephrology or
referred to the Outpatient Department, Malpighi Hospital,
because of the presence of signs and/or symptoms of renal or
systemic diseases, or, only more recently, as a routine screen of
patients who had been nephrectomized. Therefore, it is note-
worthy to realize that the patient population selected for study
was not representative of a random sample of patients with a
remnant kidney. The patients ranged in age from 24 to 64 years.
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Table 1. Clinical findings in patients with "normal" remnant kidney and proteinuria
Interval from
onset of
Age at proteinuria and Blood Serum
Age Side of nephrectomy Proteinuria observation pressure creatinine
Patient years Sex Reason for nephrectomy nephrectomy years mg124 hr years mm Hg mg/d!
1 48 M Lithiasis L 28 441 7 120/80 0.9
2 52 M Lithiasis L 31 885 3 135/80 1.1
3 31 M Lithiasis L 21 896 2 115/75 1.0
4 49 M Lithiasis L 23 1450 5 145/80 1.3
5 26 M Congenital hydronephrosis L 12 1050 3 130/85 1.1
6 30 M Lithiasis L 18 1280 2 115/75 1.1
7 31 M Congenital hydronephrosis R 23 910 3 145/85 1.1
Abbreviations: L, left; R, right.
Clinical information was obtained from the in-patient and out-
patient records and complete diagnostic work-up including
intravenous urography and/or angiography and micturating
cysto-urethrogram was performed in all patients.
Twenty-two subjects (ranging from 24 to 64 years) were
excluded from the study. Four of these had systemic diseases
(one patient with mixed cryoglobulinemia, two patients with
Henoch-SchOnlein purpura, one patient with systemic lupus
erythematosus), two suffered with diabetes mellitus, and de-
monstrable abnormalities were observed in seven with intrave-
nous pyelography and/or vesicouretheral reflux. Four addition-
al patients were excluded because they had chronic renal
failure, due to stone recurrence in the remnant kidney (two
patients), reflux nephropathy (one patient) and to an unknown
underlying disease (one patient). The last patient had a small
remnant kidney, without important scars at kidney tomography
and without vesicouretheral reflux at voiding cystography. The
reason for exclusion was a doubtful history of the progression
of the disease. Finally, five patients with essential hyperten-
sion, one of whom had mild proteinuria (300 mg/day), were
excludeu Iroin tile study because of the possibility that protein-
uria and renal damage can occur due to hypertension per se in
hypertensive patients.
All the remaining 24 patients were normotensive with a
normal remnant kidney (and a different degree of hypertrophy)
without symptoms of urinary tract infection and with normal
retrograde voiding cystourethrography. There was no presence
of drug nephropathy, syphilis, metabolic errors, cardiovascular
diseases, and so forth, in any of them. This group consisted of
11 males and 13 females aged 25 to 55 years. The reason for
nephrectomy was unilaterally infected renal stones or staghorn
calculus in 14 patients, unilateral congenital hydronephrosis
due to ureteropelvic stricture in seven patients, and nephroblas-
toma in three patients. The time that elapsed between nephrec-
tomy and the first observation ranged from 3 to 37 years. All
patients did not receive medication, and there was no restric-
tion of protein or sodium intake. According to the amount of
proteinuria at the time of the first observation, the patients were
divided into two groups: urinary protein excretion greater than
0.15 g/24 hr was considered to be abnormal.
Group 1 consisted of seven patients who had moderate and
persistent proteinuria from 441 to 1450 mg/24 hr with an age
range of 26 to 52 years. All patients were males. The presence
of renal stones was the reason for nephrectomy in five patients
(patients 1, 2, 3, 4, and 6) and congenital hydronephrosis in two
patients (patients 5 and 7). On gross pathological examination,
irregularly scarred kidneys with pelvocalyceal deformity were
observed in the five patients with renal stones. A massive
dilatation of the renal pelvis and calyces was present in the two
patients with congenital hydronephrosis. A striking parenchy-
mal atrophy was described with a total obliteration of the
pyramids and thinning of the cortex. No detailed description of
the microscopic picture of the removed kidneys are available
due to the retrospective character of this study. Moreover, all
the patients had been nephrectomized many years ago in other
hospitals. A mild to moderate proteinuria was present in four
patients at the time of nephrectomy together with a significant
leucocyturia and microscopic hematuria. However, the level of
protein excretion became normal and the pathological findings
in the urine sediment disappeared in all patients a few days after
nephrectomy. Routine urinalysis was subsequently performed
in all patients and did not show pathological findings for a
period of 5 to 21 years (average, 12.2 years) after surgical
intervention. The clinical reports of these subjects are summa-
rized in Table 1. After a detailed description of the procedure,
four patients requested a renal biopsy to substantiate the
clinical diagnosis. Thus, renal specimens of these patients were
available for histological studies. Adverse effects did not occur
in the four patients.
Group 2 included 17 patients without abnormal proteinuria
and other urinary abnormalities. There were four males and 13
females with an age range of 25 to 55 years. In June 1982 the
clinical course and renal function of each patient were checked.
Proteinuria was determined in all patients after concentration
of daily urine samples by dialysis, and protein concentration
was estimated by the biuret technique. The pattern of the
proteinuria was studied by direct observation of the electropho-
retic cellulose acetate strips. Daily protein excretion in our
normal age-matched subjects was constantly less than 150 mg
[11]. The mean 24-hr urinary sodium and potassium excretion,
reflecting dietary sodium content, was determined in all pa-
tients the day before beginning the study while on their usual
personal diet as out-patients. Serum creatinine and creatinine
clearance were taken as clinical values of renal function.
Renal biopsy specimens were obtained by percutaneous
puncture using a Vim-Silverman needle, modified by Franklin,
in two patients and by an open surgical technique in the other
two. One third of each specimen was fixed for light microscopy,
and one third, for immunofluorescence, was snap-frozen in
isopentane, pre-cooled in liquid nitrogen and stored at —70°C
Focal glomeruloscierosis in remnant kidney 651
until stained; the remaining portion was utilized for electron
microscopy. The renal tissue was processed in a standard
fashion [12, 13]. For light microscopy, the tissue was immersed
in Dubosq-Brazil fixative, embedded in paraffin and cut at 2
tm. The following stains were used: hematoxylin and eosin,
Masson trichrome, periodic acid-Schiff, and periodic acid silver
methenamine.
In evaluating the glomeruli, particular attention was paid to
their cellularity, the mesangial matrix, the capillary basement
membrane, and the capillary lumen. Glomerular alterations
were semiquantitatively graded on the basis of percentage
occurrence of focal segmental or diffuse sclerosis using a
scoring system similar to that of Hyman and Burkholder [14]
and of Beaufils eta! [15]: stage 0 = no lesion; stage 1+ = 1 to
10% glomeruli affected; stage 2+ Il to 59% glomeruli
affected; stage 3+ = 60 to 100% affected. All specimens were
examined by two observers. Immunofluorescence microscopy
was performed on biopsy specimens from all the four patients
with monospecific antisera for IgG, IgA, 1gM, C3, Ciq, C4
fibrinogen and albumin (Behringwerke AG-Marburg, West Ger-
many) using the direct method reported by Zucchelli et al [12],
Specific fluorescence was graded from 0 to 4+. For electron
microscopy renal biopsy specimens were fixed by immersion in
2.5% glutaraldehyde in 0.1 M cacodylate buffer, postfixed in 1%
0s04 in cacodylate buffer, dehydrated, and embedded in an
Epon-Araldite mixture. Sections 1 m in thickness were stained
with 1% Toluidine blue and periodic acid silver methenamine.
Ultra-thin sections were stained with uranyl-acetate and lead
citrate and examined in a Jeol T8 electron microscope. At least
four glomeruli from each patient were observed. More detailed
technical procedures are reported elsewhere [13].
Statistical analysis. The value of the significance for the
differences between the two groups was evaluated by means of
the Student 1 test and Fisher's exact test.
Results
Clinicalfindings (Table 1). All patients in group 1 were male.
Persistent proteinuria was discovered in all patients on routine
examination. The mean age at the onset of this symptom was
34.5 years, and the interval between nephrectomy and the
discovery of proteinuria varied from 5 to 21 years and averaged
12.2 years. Only two patients were light smokers. A glomerular
pattern of proteinuria, ranging from 441 to 1450 mg/day, was
observed in the patients at the time of our first observation. No
patient had a nephrotic syndrome. Moderate microscopic he-
maturia was noted in one patient at the time of our first
examination. Serum complement components were all normal
and the serum Ig concentrations were within normal ranges in
all patients. Transient hypertension was reported in patient 5,
but on first examination none had hypertension, defined as a
blood pressure greater than 140/90 mm Hg, nor did they require
antihypertensive medication. At the last examination, after a
mean follow-up period of 3.7 years (Table 2), proteinuria
remained clearly unchanged, and a nephrotic syndrome did not
appear. Microscopic and intermittent hematuria was found in
another patient; patient 5 became mildly hypertensive. The
mean duration of the follow-up period from initial detection of
proteinuria was 7.3 years; during this time renal function did not
significantly change.
In Table 3 we compare the clinical features of these patients
Table 2. Clinical data of patients with proteinuria (group I) at the last
examination
Patient
Follow-up
years
Proteinuria
mg/24 hr
Blood
pressure
mm Hg
Serum
creatinine
mgldl
1 2 910 140/80 1.1
2 4 720 130/85 1.1
3 5.5 624 120/75 1.2
4 7 1490 135/90 1.4
5 4.5 780 155/100 1.1
6 2 1310 120/80 1.3
7 1 995 135/90 1.0
Table 3. Comparison between the two groups of patients; frequency,
percentage, and mean values of the different parameters
Group 1
(Patients with
proteinuria)
Group 2
(Patients without
proteinuria) P
Number in group 7 17
Male/Female 7/0 4/13 < 0.001
Age, years
Mean SD 38.1 10.97 39.8 7.88 NS
Range 26 to 52 25 to 55
Side of nephrectomy
L/R 6/1 10/7 NS
Age at nephrectomy,
years
Mean SD 22.3 6.26 28.4 12.2 NS
Range 12 to 31 3 to 50
Interval from nephrecto-
my and observation,
years
Mean SD 15.8 6.59 11.5 8.7 = 0.05
Range 8to21 3to37
Mean serum creatinine,
mg/dl 1.09 1.12 NS
Average blood pressure,
mm Hg 129.3/80 124.7/79.9 NS
Urinary sodium, mEqI24
hr SD 153.3 21.1 137.7 16.4 NS
Urinary potassium, mEqi24 hr SD 48.9 6.1 40.9 7.9 NS
(group 1) with those of the patients who had been nephrecto-
mized for unilateral renal disease and in whom proteinuria did
not appear (group 2). The results demonstrate the constant
presence of males in group 1 while females predominate in
group 2. There was no significant difference in age at nephrecto-
my, mean serum creatinine, or average blood pressure. The
time interval from nephrectomy to the first clinical examination
was slightly higher in patients in group 1. The mean urinary
excretion of sodium and potassium was similar in the two
groups.
Renal morphology. Renal biospy specimens from four pa-
tients with proteinuria (patients 2, 3, 4, and 5) were available for
analysis. We would like to stress that all patients were carefully
observed to check for bleeding abnormalities prior to the
procedure and that no complications appeared after renal
transcutaneous or open surgical biopsies were performed. The
pathologic features are summarized in Table 4. With light
microscopy the number of glomeruli per tissue section varied
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Table 4. Light microscopy and immunofluorescence findings in four patients with proteinuria and unilateral nephrectomy
Light microscopy
Immunofluorescence deposits
Glomerular lesions
Tubular and
interstitial
lesions
Arterio,
arteriolo-
sclerosis
Patient No. of
glomeruli
Stage of
sclerosis
Prolifer-
ation 1gM IgG IgA C3 Fibrinogen
2 10 1+ 2+d 1+ 1+ — — — — —
3 12 2+ l+fs 2+ — + — — + —
4 11 1+ — 1+ 1+ + — — — —
5 18 2+ — 1+ 2+ + — — + —
Abbreviations: d, diffuse; f, focal; s. segmental.
from 10 to 18 and were considered adequate for diagnosis. The
histologic lesion of focal and segmental sclerosis was present in
all four patients. Between 10 and 25%of glomeruli showed the
presence of a segmental sclerotic area usually spreading from
the glomerular hilus and involving one or more lobules of the
glomerular tuft. In patients 2 and 4 an early disease stage was
observed with a few areas of mild sclerosis (Figs. 1 and 2). The
degree of segmental sclerosis was quite advanced in patients 3
and 5 where there was evidence of large acellular areas adher-
ent to Bowman's capsule (Figs. 3 and 4). Furthermore, in
patient 3 20% of glomeruli showed a picture of global sclerosis.
The unaffected areas of the tuft and the uninvolved glomeruli
were normal or showed mild and segmental (patient 3) to
moderate and diffuse proliferative changes (patient 2). Only
mild and focal tubular atrophy and interstitial fibrosis were seen
in all patients except for one (patient 3) where they were very
prominent. A thickening of arteriolar walls was present in
patient 5.
Immunofluorescent studies showed 1gM deposits in focal
segmental distribution in patients 3, 4, and 5, associated with C3
in two. The deposits were finely granular and/or comma-shaped
in patients 3 and 4 and coarsely granular in patient 5. The
intensity of staining ranged from 1 to 3+. There was no deposit
in patient 2. Electron microscopy revealed foot process fusion
in the region of the changed loops in all four patients examined.
The sclerotic areas consisted of basement membrane-like mate-
rial and of hyaline deposits (Fig. 5). Accumulation of finely
granular electron dense deposits was observed in the mesan-
gium (Fig. 6). Glomerular proliferation, tubular, and interstitial
changes corresponded to those described under light
microscopy.
Discussion
A review of 24 patients who had been previously nephrecto-
mized for unilateral renal disease disclosed a total of seven
patients in whom proteinuria appeared 5 to 21 years after
nephrectomy. The biopsy specimen obtained from four patients
with proteinuria exhibited segmental and focal lesion with
sclerosis and hypereosinophilic hyalin deposits. In all our
patients a history of diabetes, essential hypertension, heredi-
tary nephritis, reflux nephropathy, or heroin addiction was
absent. In our material proteinuria did not show any relation-
ship with smoking [161. The patient's selection in our retrospec-
tive study and the small patient series studied do not permit a
precise assessment of the incidence of proteinuria and FSG in
subjects with unilateral nephrectomy. Moreover, the described
Fig. 1. Renal biopsy from patient 4. Three glomeruli are within normal
limits. A peripheral area of sclerosis and hyalinosis is present in the
fourth glomerulus. (Periodic acid-Schiff, x 100)
Fig. 2. Focal area of sclerosis and hyalinosis at higher magnification
with the remainder of the tuft showing no abnormalities. (Periodic acid-
Schiff, x400)
pathological findings are probably an overestimation of the
incidence of renal abnormalities in previously nephrectomized
patients, mainly due to the intrinsic preselection (referral to a
nephrological department). However, the observations that
---4
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Fig. 3. Renal biopsy from patient 5. Two glomerular tufts are largely
sclerotic while the third glomerulus shows only mild changes. Some
tubular atrophy with interstitial fibrosis is also present. (Periodic acid-
Schiff, x 100)
Fig. 4. One glomerulus from patient 3 showing a large area of
segmental sclerosis with capillary obliteration and adhesion formation.
(Periodic acid-Schiff, x 250)
proteinuria might appear in subjects with a remnant kidney and
that FSG is a virtually invariable pathological feature in these
proteinuric patients, seem to be of considerable interest in view
of the recent hypothesis about nonimmunologic mechanisms of
progression of renal damage.
Focal and segmental glomerular sclerosis affecting only a part
of some glomeruli was first described by Fahr [17] and Rich
[181. It now seems that focal and segmental glomerular sclerosis
is a common, nonspecific pattern of glomerular injury that can
be found in a wide variety of glomerular and nonglomerular
diseases [7]. Focal and segmental glomerular sclerosis has been
found in patients with refiux nephropathy both at the endstage
and prior to renal failure [7, 8]. Moreover, the lesion has been
found in the controlateral unscarred kidney of unilateral refiux
nephropathy [7]. Recently, Kiprov, Colvin, and McCluskey [9]
described eight patients with unilateral renal agenesis who had
proteinuria and focal glomerular sclerosis. The possibility that
the association between unilateral renal agenesis and FSG was
due to chance was extremely remote (2.1 x l0—). Therefore, it
seems possible that different degrees of reduction in renal mass
can promote the development of focal glomerular sclerosis in
humans. Many experimental studies seem to support this
hypothesis. Partial nephrectomy in the rat leads to compensa-
tory hypertrophy and functional adaptation of the remaining
portion of the kidney. During this process, glomerular sclerosis
gradually develops and progresses [3, 19, 20]. Similar focal
glomerular sclerosis has been described in aging rats [21, 22]
and in Fawn-Hooded rats [23]. The histopathology of the
disease in rats bears a striking resemblance to idiopathic focal
and segmental glomerulosclerosis associated with nephrotic
syndrome in humans [21, 24]. The adaptive increase in single
nephron glomerular filtration rate found in all these experiments
appears to be the main factor responsible for the glomerular
abnormalities [6, 10, 25]. Hypertension and thrombotic mecha-
nisms in themselves appear to be detrimental to the glomerulus
but seem not to be the initiating agent [20, 26]. Moreover, other
reports indicate that altered renal hemodynamics play an impor-
tant role in the pathogenesis of the nephropathy commonly seen
in clinical and experimental diabetes mellitus [27, 28]. Studies
of Hostetter et al [6] are consistent with the possibility that
single nephron hyperfiltration might in itself be the cause of the
altered glomerular morphology. The increased flows or glomer-
ular transcapillary hydraulic pressure difference [6, 29] or the
reduction in intrarenal resistance [30] should result in a defec-
tive permselectivity of the glomerular capillaries leading to
proteinuria [25]. A sustained rise in capillary pressure can result
in glomerular basement membrane failure and an increase in
pore size without evident changes in the ultrastructural distribu-
tion of anionic sites [31]. Finally, the increase in glomerular
permeability might result not only in proteinuria but also in
accumulation of proteins in mesangial areas and, consequently,
in mesangial cell injury and sclerosis [22, 32]. Therefore,
several experimental and some clinical observations seem to
demonstrate that adaptive increments in GFR, secondary to
reduction in functional renal mass, may contribute to the
progressive destruction of the remaining glomeruli.
Our findings showing the appearance of pathological protein-
uria and histological lesion of focal segmental glomerulo-
sclerosis in several uninephrectomized patients 5 to 21 years
after nephrectomy seem to support the hypothesis that a
relationship exists also in humans between reduction in func-
tional renal mass, altered glomerular permeability to proteins
and the appearance of sclerotic glomerular areas. All our
patients were normotensive at the time proteinuria appeared.
Vascular changes, where seen, were rare and moderate, with-
out secondary ischemic glomerular changes, so that a causative
role for hypertension or vascular damage in the genesis of the
glomerular lesion seemed to be improbable. Therefore, our
observation is consistent with the hypothesis that a chronic
functional glomerular overload might account for the develop-
ment of the reported renal lesions.
The observation that only a minority of our patients devel-
oped proteinuria after uninephrectomy seems to indicate that
other concomitant factors are necessary to induce the kidney
disease. Although the predominance of males in the series of
ic
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Fig. 5. Local massive subendothe/ia! deposits occluding the capillary lumens present in the segmental sclerotic lesion. The epithelial cell covering
is separated from the underlying basement membrane by a clear space containing cytoplasmic remnants and lamellae of basement membrane-like
material. (Electron micrograph, x 3000)
Fig. 6. Transmission electron micrograph showing the presence of
scattered electron dense deposits in a mesangia! area. (x7500)
Kiprov, Colvin, and McCluskey [9] might be due to the major
incidence of this malformation in the male sex, the observation
that all our patients with unilateral nephrectomy and focal
segmental glomerular sclerosis were male is very noteworthy.
Male rats are much more likely to develop focal and segmental
glomerular sclerosis than females [21, 24]. Female animals
which eat less protein and have smaller kidneys, acquire renal
lesions more slowly [21, 33]. Whether male animals or men are
very prone to "adaptive" renal hemodynamic changes after
surgical nephrectomy or have higher dietary protein content
[10] is unknown at present. Unfortunately, in our retrospective
study we have no data on dietary protein intake in our patients.
Six out of the eight patients with unilateral renal agenesis of
Kiprov, Colvin, and McCluskey [9] presented a severe renal
failure at the time of the biopsy, and their biopsy specimens
showed at microscopic examination a focal segmental and/or
global sclerosis in more than 45% of the glomeruli. The mean
age of the patients studied was 29 years with an age range from
18 to 39 years. On the contrary, none of the patients with
remnant kidney, who had a unilateral nephrectomy 8 to 46 years
before the autopsy examination of the remnant kidney, devel-
oped clinically evident renal failure, neither did they have a
histological feature of focal segmental glomerular sclerosis. All
patients in this group were more than 50 years old when
nephrectomy was performed. Therefore, the authors suggested
that proteinuria, glomerular sclerosis, and progressive renal
failure can appear in patients with unilateral renal agenesis but
not in uninephrectomized adult subjects, probably due to a
major damaging effect of the glomerular overload at a younger
age. Our seven patients with moderate proteinuria and focal
rater • ______
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segmental glomerular sclerosis had an age at nephrectomy
ranging from 12 to 31 years (average 22.3 years). Therefore,
they were clearly younger than the uninephrectomized patients
described by Kiprov, Colvin, and McCluskey, [9] and we
cannot exclude that the glomerular overload of hyperfiltration
might result in more severe renal damage in the first decades of
life, when adaptive changes in renal hemodyamics are more
prompt and efficient. The observation that other factors, togeth-
er with the functional glomerular overload, are necessary to
induce the kidney damage could also account for the apparent
lack of disease in renal allograft donors [9].
Does the appearance of proteinuria and focal and glomerular
sclerosis in patients with a remnant kidney, whatever its
pathogenesis, have clinical consequences? The presence of a
normal renal function and an unchanged proteinuria after a
mean period follow-up of 7.3 years in all our proteinuric
patients seems to indicate a good progression of the disease,
similar to that reported from several authors [15, 34] during
idiopathic focal and segmental glomerular sclerosis without
nephrotic syndrome.
Long-term studies of a large series of patients with a solitary
kidney are required to clarify the exact role of the glomerular
overload in the progression of the glomerular disease in humans
and to identify other possible cofactors.
Reprint requests to Prof. P. Zucchelli, Divisione di Nefrologia e
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